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Background: Multi-factorial intervention studies have been found to be successful in the initiation of lifestyle
changes. However, little is known about the longer-term maintenance of health behavior improvements. The
purpose of this study was to investigate whether improvements in physical activity and dietary habits achieved
in a population-based multi-factorial lifestyle intervention of five years duration were maintained five years after
intervention activities have ended.
Methods: The study was a population-based randomized controlled trial, Inter99 (1999–2006), Copenhagen,
Denmark. Over five years, all participants in the intervention group (n = 6,091) received individual lifestyle counseling;
participants at high risk of ischemic heart disease – according to pre-specified criteria – were also offered group-based
counseling. The control group (n = 3,324) was followed by questionnaires. Both groups were followed one, three, five,
and ten years after baseline. Changes in physical activity and dietary habits (intake of vegetables, fruit, fish, and saturated
fat) during and after the intervention were investigated using random-coefficient models.
Results: Five years after the intervention, women in the intervention group reported greater improvements in the
intake of fruit (MΔ = 90.2 g/week, p = 0.041) and less intake of saturated fat (OR = 0.30, 95% CI: 0.17–0.54) than the
control group. Men in the intervention group reported greater improvements in physical activity (MΔ = 19.6 min/week,
p = 0.003) and less intake of saturated fat (OR = 0.31, 95% CI: 0.17–0.56) than the control group. Improvements in the
intake of vegetables and fish achieved during the intervention were not maintained in the longer-term.
Conclusions: Screening and lifestyle counseling had sustained effects on physical activity and dietary habits
five years after its discontinuation. The patterns of long-term changes in lifestyle differed across behaviors and
between men and women.
Trial registration: ClinicalTrials.gov (NCT00289237)
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Unhealthy lifestyle behaviors such as unhealthy diet and
physical inactivity have been identified as major risk fac-
tors for several health outcomes including cardiovascular
diseases, diabetes, obesity, and cancer [1]; 10% of global
disability-adjusted life years can be attributed to un-
healthy diet and physical inactivity [2]. The opportunity* Correspondence: sophie.baumann@uni-greifswald.de
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unless otherwise stated.to greatly reduce premature deaths and the burden of
disease by improvements in lifestyle [3] has led to in-
creasing research efforts to identify the most effective
strategies. On the individual level, it is important not
only to investigate the initiation and short-term lifestyle
behavior changes, but also the maintenance of a healthy
lifestyle.
Maintenance of lifestyle changes is crucial for substan-
tial effects on public health. Indeed, only few multi-
factorial intervention trials assessed lifestyle factors over
more than twelve months, and fewer measured them
after discontinuation of the intervention [4]. Althoughral. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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changes, improvements tended to decline in the longer-
term or once the intervention is completed [4-7]. Gener-
ally, it appears that healthy dietary habits are somewhat
better maintained than physical activity [8-10]; some im-
portant large-scale and long-term trials showed sustained
effects on diet [11-13]. One diabetes care trial was
successful in producing sustained improvements in
both diet and physical activity [14]. However, most of
the trials involved intensive, expensive, and demand-
ing intervention programs and/ or included groups of
highly selected persons, which may limit their public
health impact. Much remains to be learned about how
to effectively produce sustained and comprehensive
lifestyle changes on a population level.
The Inter99 study is a multi-factorial intervention
study to prevent ischemic heart disease (IHD) in the
general population by screening and individualized
comprehensive lifestyle counseling. Previously, we have
shown improvements in physical activity and dietary
habits during the intervention period [15-17]. The ques-
tion now is whether the effects lasted after its discontinu-
ation. The aim of this study was to investigate whether
improvements in physical activity and dietary habits
achieved in a population-based lifestyle intervention of five




Inter99 is a population-based randomized intervention
study initiated in March 1999 and completed in April
2006 and conducted at the Research Centre for Preven-
tion and Health, The Capital Region, Denmark. The aim
of the study was to prevent IHD (and other lifestyle-
related diseases) by non-pharmacological intervention
focusing on comprehensive improvements in lifestyle.
Informed written consent was obtained from all par-
ticipants. The Inter99 study was approved by the
Copenhagen County Ethical Committee (KA 98155)
and the National Board of Health.
As described elsewhere [18], the study population
comprised all 61,301 persons born in 1939–40, 1944–45,
1949–50, 1954–55, 1959–60, 1964–65, and 1969–70
living in the south-western part of Copenhagen County
(Figure 1). An age- and sex-stratified random sample of
13,016 persons was drawn from the study population
from the Civil Registration System and apriori random-
ized into two groups comprising 90% (group A: high-
intensity intervention, n = 11,708) and 10% (group B:
low-intensity intervention, n = 1,308). The persons ran-
domized to group A and B were invited for a health
examination, risk assessment, and individual lifestyle
counseling via ordinary mail. The invitation included aquestionnaire to be completed in advance. Those not
responding received up to two reminder mails. Partici-
pants did not receive any incentives. From the remaining
48,285 persons in the study population, a random sam-
ple of 5,264 persons equally distributed on sex and age
was drawn and followed by questionnaires (group C –
control group).
Of the 13,016 invited persons in intervention group A
and B, 82 were non-eligible as they had died or were not
traceable, leaving 12,934 for invitation. A total of 6,906
(53.4%) turned up for the investigation at the centre. Of
these, 122 were excluded due to alcoholism, drug abuse,
or linguistic barriers, leaving 6,784 (52.5%). In group C,
a total of 3,324 (63.1%) returned the questionnaire. The
participation rate was lower than expected resulting in a
too small group B and therefore a high risk of type II
error. Power calculations before study start were based
on an expected participation rate of 70% (for details:
[18]). Thus, this paper only includes the 6,091 partici-
pants from the intervention group A (henceforth
referred to as ‘intervention group’) and the 3,324 partici-
pants from group C (henceforth referred to as ‘control
group’).
Intervention
The intervention is described in detail elsewhere [16-19].
At baseline, all participants completed self-report ques-
tionnaires and underwent a health examination and an
assessment of their individual cardiovascular risk using
the Copenhagen Risk Score [20]. They were classified as
being at high-risk if they had either an absolute risk in
the upper quintile of the distribution stratified according
to sex and age, or if they had one or more of the follow-
ing risk factors: systolic blood pressure ≥ 160 mmHg
and/or in antihypertensive treatment, total cholesterol ≥
7.5 mmol/l and/or treated with statins, body mass
index ≥ 30 kg/m2, glucose intolerance, diabetes, or daily
smoking.
Based on their lifestyle and personal cardiovascular
risk score, each participant received a tailored individual
lifestyle counseling focusing on smoking, physical ac-
tivity, diet, and/or alcohol consumption; regardless of
whether classified as being at high or low risk. The
main goals were: non-smoking; moderate physical
activity four hours per week or more; decrease in satu-
rated fat; substitution of saturated fat with unsaturated
fat; increase in intake of fruit, vegetables, and fish; and
less than 14/ 21 alcoholic drinks per week for women/
men according to national guidelines at that time.
Those who already met recommendations were sup-
ported to maintain their healthy lifestyle. The counsel-
ing sessions lasted 15–45 minutes and were conducted
by a nurse, dietitian, or doctor trained in motivational
interviewing [21]. The intervention was based on
Figure 1 Flow of participants. Note: Asterisk (*) indicates individual lifestyle counseling and group-based counseling offered to all persons at
high risk.
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tive Theory [23], and the Transtheoretical Model [24].
Besides, high-risk persons in the intervention group
were offered group-based counseling on smoking cessa-
tion or on diet and physical activity, depending on their
lifestyle and motivation to change. Over four to six
months, the groups met six times for two hours each
time. The sessions on physical activity and diet were led
by a nurse or dietitian. At baseline, 47% of those who
were offered group-based diet and physical activity
counseling [25] and 27% of those who were offered
group-based smoking cessation counseling accepted par-
ticipation [26].
Follow-up
All high-risk persons in the intervention group were
re-invited one and three years after baseline for a
health examination, completion of a questionnaire,
risk assessment, and individual and group-based life-
style counseling. Low-risk participants were followed
by questionnaire. Five years after baseline, all participants
eligible at baseline were re-invited for a final screening, in-
dividual counseling, and a plan for maintenance. Thecontrol group was followed by questionnaire only. Ten
years after baseline, all participants eligible at baseline
received post-intervention follow-up questionnaires.
At all follow-ups, persons not responding received up




Self-administrated questionnaires including questions
about physical activity and dietary habits were obtained
at baseline, one-, three-, five-, and ten-year follow-up.
Physical activity during leisure time was assessed using
two questions: (1) “In your leisure time, how many hours
a week are you physically active?” (0 min; 1 h/week;
approx. 2–3 h/week; approx. 4–6 h/week; and ≥ 7 h/
week) and (2) “How much time do you spend walking,
cycling, or running on your way to and from work?”
(<15 min; 15–30 min; 30 min–1 h; ≥ 1 h; and I do not
work at the moment). The level of physical activity was
calculated by summing responses to the two questions
converted into minutes per week using a five-day work-
ing week.
Table 1 Baseline sample characteristics stratified by sex and study group
Men Women
Intervention Control Intervention Control
N = 2,965 N = 1,568 N = 3,126 N = 1,756
Socio-demographic variables
Age, n (%)
30–35 years 415 (14.0) 365 (23.3) 514 (16.4) 478 (27.2)
40–50 years 1,822 (61.4) 678 (43.2) 1,908 (61.0) 774 (44.1)
55–60 years 728 (24.6) 525 (33.5) 704 (22.5) 504 (28.7)
Living with a partner, n (%)
Yes 2,481 (85.0) 1,300 (84.6) 2,468 (80.2) 1,388 (80.7)
Education, n (%)
None 450 (16.6) 245 (17.6) 535 (18.7) 335 (20.9)
≤1 year 65 (2.4) 41 (2.9) 199 (6.9) 104 (6.5)
2–4 years 1,759 (65.2) 900 (64.5) 1,911 (66.6) 1,036 (64.6)
5–9 years 427 (15.8) 209 (15.0) 223 (7.8) 128 (8.0)
Employed, n (%)
Yes 2,609 (89.8) 1,343 (86.6) 2,618 (85.4) 1,390 (80.1)
Health-related variables
Self-perceived health, n (%)
Excellent/ very good 1,008 (34.4) 585 (37.9) 979 (31.5) 630 (36.3)
Good 1,637 (56.0) 829 (53.6) 1,760 (56.7) 891 (51.4)
Fair/ poor 281 (9.6) 132 (8.5) 365 (11.8) 213 (12.3)
Daily smoking, n (%)
Yes 1,083 (36.9) 643 (41.4) 1,085 (35.0) 633 (36.3)
Alcohol use (drinks/week), n (%)
0 222 (7.8) 112 (7.4) 410 (14.0) 291 (17.5)
1–7 980 (34.4) 563 (37.1) 1,610 (54.9) 863 (51.9)
8–14 651 (22.8) 332 (21.9) 566 (19.3) 317 (19.1)
15–21 426 (15.0) 187 (12.3) 215 (7.3) 128 (7.7)
>21 571 (20.0) 323 (21.3) 130 (4.5) 64 (3.8)
Physical activity, n (%)
Mainly sedentary 642 (22.3) 355 (23.4) 664 (21.7) 391 (23.1)
Moderate activity 1,624 (56.3) 863 (56.8) 2,026 (66.2) 1,076 (63.5)
Regular exercise/ heavy training 617 (21.4) 300 (19.8) 371 (12.1) 228 (13.4)
Limited in stair-climbing, n (%)
Yes 299 (10.3) 201 (13.1) 547 (17.8) 349 (20.1)
Dietary quality, n (%)
Healthy 282 (9.9) 118 (8.0) 546 (18.0) 257 (15.6)
Average 1,979 (69.8) 1,004 (68.5) 2,142 (70.7) 1,138 (69.1)
Unhealthy 576 (20.3) 345 (23.5) 342 (11.3) 253 (15.3)
Self-rated IHD risk of diet, n (%)
Yes 433 (15.0) 201 (13.2) 328 (10.8) 183 (10.7)
Outcome variables at baseline
Intake of saturated fata, n (%)
Yes 2,599 (88.7) 1,340 (86.6) 2,654 (85.6) 1,454 (83.6)
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Table 1 Baseline sample characteristics stratified by sex and study group (Continued)
Intake of vegetables (g/week), M ± SD 415.3 ± 255.4 401.8 ± 251.8 476.2 ± 263.0 464.0 ± 265.3
Intake of fruit (g/week), M ± SD 623.1 ± 775.8 622.1 ± 772.5 932.3 ± 889.4 935.8 ± 929.8
Intake of fish (g/week), M ± SD 158.0 ± 120.0 163.6 ± 128.0 159.4 ± 122.2 146.5 ± 125.2
Physical activity (min/week), M ± SD 285.9 ± 163.2 298.3 ± 162.4 290.9 ± 161.4 286.9 ± 165.0
Note: M =mean, SD = standard deviation; afor cooking and on bread.
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frequency questionnaire (FQQ) including nine categories
of questions: Number of meals per day (1); type of bread
(2); type of spread used on bread (3); cheese, meat, fish,
etc. laid on bread (4); hot meals (5); type of fat used for
cooking (6); accompaniments to hot meals (7); vegeta-
bles (8); and fruits (9). In category 2, 3, and 6, partici-
pants were asked to report the type most often used,
with the possibility to choose more than one type. In
category 4, 5, 7, and 8, participants were asked to report
the frequency of eating different kinds of food items in
the particular category in the last week (0; 1–2; 3–4; or
5–7 times a week). Dietary outcomes included intake of
saturated fat (saturated fat for cooking and on bread:
yes/ no), fruits (0; 1; 2; 3; 4; 5; 6; >6 servings a day), vege-
tables (g/week), and fish (g/week). The intake of fish and
vegetables was calculated by multiplying the frequency
of consuming fish for lunch, fish for dinner, salads, and
cooked vegetables with standard portion sizes [27]; the
intake of fish and vegetables was summarized. The FFQ
has been validated against a 28-day diet history and bio-
markers (for further details: [28]).
Baseline covariates
A self-administrative questionnaire including questions
about socio-demographic and health-related variables
was obtained at baseline. Socio-demographic variables
included sex, age (30, 35, 40, 45, 50, 55, and 60 years),
living with a partner (being married or cohabiting: yes/no),
education (none; <1; 2–4; and ≥4 years of vocational train-
ing/higher education) and employment status (employed/
unemployed). Self-perceived health was recorded in five
categories (excellent; very good; good; fair; and poor); due
to few observations in the extreme response categories,
excellent and poor were merged with very good and fair,
respectively. Smoking was recorded in four categories
(smoker; ex-smoker; occasional smoker; and daily smoker).
Alcohol consumption was based on average weekly con-
sumption of alcoholic beverages and categorized in five
groups (0; 1–7; 8–14; 15–21; and >21 units of ethanol per
week; with 1 unit = 15 cl/ 12 g). Physical activity during leis-
ure time was assessed by asking the participants to categor-
izing their leisure time physical activity level in one of four
categories (mainly sedentary; moderate activity; regular
exercise; and heavy training) [29]. Being limited in stair-
climbing was measured as being limited in climbing severalflights of stairs because of one’s health (yes/no). Based on
the FFQ and Danish Dietary Guidelines [30-32], the Dietary
Quality Score was calculated as an indicator of the overall
dietary quality using three categories (healthy; average; and
unhealthy dietary habits). The development and validation
of the score has been described in more detail previously
[33]. Further, participants’ self-perceived risk of IHD associ-
ated with their diet (yes/ no/ do not know) was assessed.
Statistical analyses
Data were analyzed using STATA/SE 13.1 [34]. The
control group included a larger proportion of persons
in the lower and upper age group at baseline than the
intervention group due to differences in sampling
method [18]. Thus, analyses comparing baseline char-
acteristics between study groups included age-adjusted
Cochran-Mantel-Haenszel tests and age-adjusted lin-
ear regression models. Multiple logistic regression
analyses were used for comparing participants and
non-participants at follow-ups.
Piecewise random-coefficient models including a ran-
dom intercept and two random slopes (active and post-
intervention phase) were estimated to determine the ef-
fects of the intervention on physical activity and dietary
habits over time. All analyses were stratified on sex. Out-
comes were changes in physical activity (min/week) and
the intake of saturated fat (use = 1/no use = 0), vegetables
(g/week), fruit (g/week), and fish (g/week) from baseline
to ten years. Net changes defined as intervention minus
control group changes from baseline to follow-up and
effect sizes (Cohen’s d [35]) were calculated.
A maximum likelihood estimator with robust standard
errors was used; numerical integration was carried out
for models including binary variables. Thus, all models
were estimated under a missing at random assumption
[36] using all available data from participants with
baseline responses. Results were adjusted for baseline
variables that were either differently distributed between
study groups at baseline or between participants and
non-participants at follow-ups: age, smoking, alcohol
consumption, education, self-rated health, employment,
and living with a partner. Further, models for physical
activity included dietary quality and being limited in
climbing stairs as covariates; models for dietary habits
included physical activity and self-rated IHD risk associ-
ated with diet.
Figure 2 Level of physical activity among women and men from baseline to 10-year follow up. Note: Results are adjusted for baseline age,
living with a partner, education, employment, diet, alcohol consumption, smoking, self-rated health, and being limited in climbing stairs.
Year 0 = baseline.
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Study sample
Baseline sample characteristics are shown in Table 1.
Men in the intervention group were less often smokers
and more often perceived a risk of IHD associated with
diet compared to the control group (ps < 0.01). Women
in the intervention group were more often employed
and reported a higher level of subjective health com-
pared to the control group (ps < 0.001). No significant
group differences in outcome variables at baseline were
found among men, whereas women in the control group
had a lower intake of fish (p < 0.001).
With regard to loss to follow-up, a lower level of phys-
ical activity at baseline was predictive for non-response
at ten-year follow-up among women (p < 0.01). Among
men, a higher baseline intake of fish was predictive forFigure 3 Intake of saturated fat among women and men from baselin
living with a partner, education, employment, physical activity, alcohol consum
with dietary habits. Year 0 = baseline.non-response at one-, three-, and five-year follow-up
(ps < 0.05), a higher baseline intake of vegetables at one-
year follow-up (p < 0.05), and a lower baseline level of
physical activity at one- (p < 0.01), five-, and ten-year
follow-up (p < 0.05).
Lifestyle changes during and after intervention
Physical activity
Men in the intervention group decreased their physical
activity less through the five years of intervention (net
change [MΔ] = 29.0 min/week, 95% CI: 16.8–41.3, p <
0.001, Cohen’s d = 0.47) and five years after its discon-
tinuation (MΔ = 18.8 min/week, 95% CI: 5.7–31.9, p =
0.005, d = 0.32) than the control group (Figure 2). For
women, no significant differences between groups were
found (5-year follow-up: MΔ = 4.8 min/week, 95% CI: -6.9–e to 10-year follow-up. Note: Results are adjusted for baseline age,
ption, smoking, self-rated health, and self-rated risk of IHD associated
Figure 4 Intake of vegetables among women and men from baseline to 10-year follow-up. Note: Results are adjusted for baseline age,
living with a partner, education, employment, physical activity, alcohol consumption, smoking, self-rated health, and self-rated risk of IHD
associated with dietary habits. Year 0 = baseline.
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min/week, 95% CI: -22.0–2.4, p = 0.114, d = -0.18).
Dietary habits
Compared to the control group, men and women in the
intervention group reported a larger decrease in their
intake of saturated fat through the five years of intervention
(men: OR = 0.55, 95% CI: 0.34–0.90, p = 0.019, d = -0.24;
women: OR = 0.34, 95% CI: 0.22–0.52, p < 0.001, d = -0.48)
and five years after its discontinuation (men: OR = 0.29,
95% CI: 0.16–0.54, p < 0.001, d = -0.45; women: OR = 0.30,
95% CI: 0.17–0.54, p < 0.001, d = -0.51) (Figure 3).
With regard to the intake of vegetables (Figure 4), im-
provements in the intervention group compared to the
control group were greatest at five years (men: MΔ = 20.7
g/week, 95% CI: -1.0–42.4, p = 0.062, d = 0.16; women:
MΔ = 27.8 g/week, 95% CI: 6.5–49.1, p = 0.010, d = 0.32).Figure 5 Intake of fruits among women and men from baseline to 10
with a partner, education, employment, physical activity, alcohol consumpt
with dietary habits. Year 0 = baseline.At ten-year follow-up, the two groups did not differ
significantly regarding the intake of vegetables (men:
MΔ = -11.3 g/week, 95% CI: -33.6–11.0, p = 0.321, d = -0.12;
women: MΔ = -13.0 g/week, 95% CI: -34.9–9.0, p = 0.247,
d = -0.04).
Men in the intervention and control group did not dif-
fer significantly regarding their intake of fruit at five
years and beyond (10-year follow-up: MΔ = 46.1 g/week,
95% CI: -36.8–129.0, p = 0.115, d = 0.06) (Figure 5).
Among women, the effect of the intervention on fruit in-
take increased over time. At ten-year follow-up, women
in the intervention group reported a larger increase in
their fruit intake than women in the control group (MΔ =
90.2 g/week, 95% CI: 3.6–276.9, p = 0.041, d = 0.15).
Men in the intervention and control group did not dif-
fer significantly regarding their intake of fish at five years
and beyond (10-year follow-up: MΔ = 7.3 g/week, 95%-year follow-up. Note: Results are adjusted for baseline age, living
ion, smoking, self-rated health, and self-rated risk of IHD associated
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years, women in the intervention group increased their
fish intake less than women in the control group
(MΔ = -18.1 g/week, 95% CI: -29.1 to -7.2, p = 0.001,
d = -0.33). Since they had a higher intake to start, the fish
intake at ten years did not differ significantly between
groups (M = -5.1 g/week, 95% CI: -14.6–4.4, p = 0.294).
Discussion
A ten-year follow-up of a large randomized intervention
study revealed that a healthier lifestyle could be main-
tained five years after completion of a five-year interven-
tion period. Thus the intervention promoted sustained
small-to-medium changes in physical activity and dietary
habits. Patterns of long-term changes differed consid-
erably across health behaviors and between men and
women.
The most notable changes were obtained regarding
the intake of saturated fat. This is hardly surprising given
that the intervention placed special emphasis on redu-
cing fat intake, an important recommendation from the
national health authorities at that time. From a partici-
pant’s perspective, there are many ways to substitute
saturated fats with unsaturated fat that can be easily in-
tegrated into daily life without notable difference in
taste. Further, a slim figure complying with the current
ideal of beauty might be an additional motivating factor
beyond expected health benefits.
Though somewhat attenuated, the originally achieved
beneficial effects of the intervention on physical activity
among men remained five years after discontinuation of
the intervention. Among women, neither short-term nor
long-term effects were found. Findings from previous
large-scale intervention trials are inconclusive [9,37].
Lack of time because of work outside the home and do-
mestic work may have inhibited increases in physicalFigure 6 Intake of fish among women and men from baseline to 10-y
a partner, education, employment, physical activity, alcohol consumption, s
dietary habits. Year 0 = baseline.activity among women. Alternatively, women in this
multi-factorial lifestyle study may have chosen to focus
on changing dietary habits instead of physical activity.
Besides, gaining more muscle mass and strength might
be a motivating factor that is more relevant for men
than for women.
Among women, but not men, the effect of the interven-
tion on fruit intake increased over time. Gender-sensitive
assessments and programs might be considered to further
improve efficacy of lifestyle interventions.
Without continuing intervention, initial improvements
in the intake of vegetables and fish declined. Similar to
previous trials [5,10], lifestyle in the control group also
improved in the longer-term. This is possibly a result of
continued assessment that may have made people pay
closer attention to their health and lifestyle.
Changes in physical activity and dietary habits found
in this study, although significant, were quite small com-
pared to previous trials [38]. However, the small-to-
medium effects achieved in this study may be particularly
valuable when thinking in terms of population impact. Al-
though the intensity of the intervention was dependent on
the individual risk profile, persons from a general popula-
tion were included in the study regardless of their baseline
outcomes and risk status. Thus, this approach may have
reached a less selected group of persons compared to pre-
vious large-scale long-term trials that have focused on
high-risk persons only [11,13,39,40]. However, there was a
large selection in participation as persons with low socio-
economic status more often declined participation at base-
line and also had a higher drop-out rate [41]. Thus, the
intervention did not sufficiently reach those with the un-
healthiest lifestyle.
It remains important to ascertain why and what spe-
cific intervention components were effective. For ex-
ample, the impact of the quality (e.g., who is deliveringear follow-up. Note: Results are adjusted for baseline age, living with
moking, self-rated health, and self-rated risk of IHD associated with
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efficacy needs to be considered. Counselors were health
professionals trained and supervised in techniques of
motivational interviewing. Probably, a more intensive
intervention could produce larger and more sustainable
improvements in lifestyle. Further, the public health im-
pact might be increased by additionally addressing social
and environmental/structural factors.
This paper has some notable limitations. Low partici-
pation rates at baseline and follow-up may have led to
biased results; especially as we expect that those who
have not improved their lifestyle stay away at follow-up.
Although improved methods to deal with missing data
were used, more successful strategies to approach those
currently hard to reach are clearly needed [38]; and ad-
herence to the intervention remains a challenge for fu-
ture studies [42]. Another limitation concerns the fairly
crude assessment of physical activity and dietary habits
that may not reflect the complexity of the behaviors. Es-
pecially, there could be a gender-specific measurement
bias as men and women are not physically active in the
same way; women having more home-related practical
tasks and men doing more sports. As we relied on self-
report only, improvements in lifestyle may partly be
explained by social desirability, especially in the inter-
vention group. In addition to that, changes in physical
activity and diet cannot be viewed independently of
changes in other lifestyle factors. Results concerning the
ten-year changes in smoking and alcohol consumption
have not yet been published. The synergy that exists be-
tween the different lifestyle behaviors needs to be con-
sidered for final conclusions.
Very important to have in mind is that, on a popula-
tion level, when including all 61,301 randomly selected
persons, there was no effect of the intervention. Even
through more persons in the intervention group
achieved healthier diet and physical activity habits in the
long-term, the Inter99 study did not reduce incident
IHD, stroke or all-cause mortality after ten years [43].
This confirms previous studies showing that screening
and lifestyle counseling in a general population is not ef-
fective in reducing the burden of IHD on society level
[44,45]. The present results show that this lack of effect
is not due to attenuation of the changes after end of the
lifestyle intervention, but possibly because lifestyle im-
provements were too small or affected too few or too
selected persons to make an influence on IHD on a
population level.
Important strengths of this study include proactive re-
cruitment, a priori randomization, and the long follow-
up time including a post-intervention phase. Further,
this large trial included an individualized and theory-based
intervention repeatedly addressing a comprehensive set of
health risk factors. The recruitment and interventionstrategies used in the Inter99 study have proved to be key
elements of successful programs [46-48] that may have
the potential to substantially increase the effect on public
health [49].
Conclusion
Systematic screening for high risk in the general popula-
tion and repeated lifestyle counseling had sustained ef-
fects on diet and physical activity five years after its
discontinuation – for those who are motivated to par-
ticipate in an intervention. When developing future life-
style interventions, a combination of environmental/
structural and high-risk strategies should be considered
to more successfully reach the whole population regard-
less of socio-economic factors.
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